IN the year 1880, Sandstrom [1] discovered the two external parathyroid glands, but little importance was attached to their discovery till Gley, in 1881 [3] rediscovered them, and four years later Kahn L21 announced the discovery of the two internal glands. At first the functional differences of the thyroid and parathyroids were not distinguished, and even their structural dissimilarity was not recognized. In 1897, Gley [3] published an account of these glands, in which he claimed a very intimate connexion between them, considering that parathyroid tissue was immature thyroid tissue and that tetany could be prevented by the injection of thyroid extract. This work, however, has not found support among other investigators, and Moussu [4] was one of the first to insist on the functional and structural independence of the parathyroids. Of recent years this differentiation has become gradually more defined, and there is now little room for doubt that the parathyroids and thyroid are separate entities, both structurally and functionally.
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A short consideration of the known functions of the parathyroid may not be out of place. By far the larger bulk of the work on these glands has been in the experimental production of tetany in anfimals by ablation of the parathyroids, and much clinical work has been carried out on cases of tetany in the human subject. The outcome of this work is found in the results obtained by Noel Paton [5] and his co-workers. They established the fact that the convulsions of tetany are due to the presence of methylguanidine in the blood, a result foreshadowed by the work of Koch [6] in 1913, and that, further, the parathyroids were normally capable of rendering this substance innocuous. MacCallum and Voegtlin [7] had previously shown that parathyroid would control the convulsions of tetany, and Edmunds [8] was able to demonstrate that large doses of calcium salts would prevent tetany following parathyroidectomy. It may still be considered a moot point as to whether the calcium on the one hand acts by depressing the hyperexcitability of the nerve cells, and the parathyroid on the other by its actual chemical effect on the toxin, or whether the latter action is an additional function of the calcium salts.
The experimental control of tetany by calcium salts and their connexion with the parathyroid glands led to the application of similar treatment in human subjects and in other conditions in which convulsive seizures were a feature of the disease. Vassale [9] used parathyroid therapy with some success in eclampsia and also in epilepsy. Naame [10] considers that epilepsy is due to a toxic state, and suggests that the attacks are caused by an intermittent failure in the detoxicating function of the parathyroids. In paralysis agitans [11], chorea and uraemia, successful results have been claimed for the [December 13, 1921. use of parathyroid, with or without the addition of calcium salts. In general it may be said that since so much of the experimental work has been done on tetany, the clinical application of the results obtained has been chiefly to cases of the nervous convulsive type. In view of subsequent remarks, some of the conclusions arising from the study of tetany may be shortly considered.
Attention has already been drawn to Paton's work, and to the evidence obtained of neutralization of methylguanidine. Launoy [12] has formulated the theory in regard to the origin of infantile tetany, that very probably some previously existing acute or chronic toxic state has permanently damaged the parathyroids, and that any subsequent toxic condition will precipitate a typical tetanic seizure. MacCallum [7] suggests that tetany is an acidosis-and this view is strongly upheld by Togawa [13] , though other investigators have taken the view that the condition present is that of alkalosis. MacCallum supposes that in the presence of a parathyroid insufficiency certain substances are formed in the tissues, which may be capable of combining with the calcium salts, and in combining may favour calcium excretion. Finally, Massaglia [14] ascribes to the parathyroids the function of rendering harmless simple waste products, or complex katabolites or toxic substances derived from the large intestine, or due to pregnancy and the puerperium or muscular fatigue. There is, therefore, some evidence that one function of the parathyroid glands is that of detoxication, but there is very little evidence produced to indicate the role of the calcium salts in the detoxicating process. While bearing in mind the theories founded on the study of convulsive and nervous states in which the parathyroid glands are of apparent importance, we may turn our attention to other conditions which seem to be definitely without nervous connexion. The most extreme case of this group is perhaps the condition of osteomalacia. Freund and Lockwood [151 have obtained some evidence that the parathyroids may be of importance in this state. After a week's control period, they treated a patient with well marked osteomalacia for successive periods on different endocrine substances, and observed the changes in the balance between calcium intake and output under the different treatments. Using thyroid gland first and then pituitrin, the calcium balance in each period was negative, but after using parathyroid the balance became positive. At the end of the parathyroid period the ovaries were removed, and then the calcium loss was found to be very much increased, although in a proportion of cases castration has been found beneficial. Assuming that osteomalacia represents the extreme in this group of cases, other conditions should be found in which the deficiency of calcium is less pronounced, and it is to these cases that I will now pass.
In a paper in the Joutrnal of Physiology [16] evidence was brought forward to show that the calcium of unclotted blood is normally present in two forms, ionic and combined. The combined form was found to be essentially coagulative, and after clotting had occurred the calcium of the serum was all in the ionic form; in the normal individual this amount of calcium was found to be about 105 mg. per cent. It was also found that in unclotted blood the combined calcium could be converted to the ionic form by treating the blood with dilute alkali. In the morbid states to be discussed, however, some of the calcium of the serum was found to be in a combined form after coagulation had occurred, and in some cases there was not only a deficiency of the ionic calcium, but also of the total calcium of the blood..
Rather more than 100 cases have so far been dealt with, and a variety of conditions investigated; the bulk of the cases fall under a general heading of chronic toxeemia, and it is with the ulcerative cases that I wish to deal at present. This group includes ten cases of varicose ulceration, twelve cases of gastric or duodenal ulcer, two cases of erosion of the cervix uteri and six cases of carcinoma. With the-exception of the last, all these cases belong to the class of simple ulcerations, and one may assume that in all of them there is a preceding chronic toxic state, whether it be caused by continued venous stagnation or by toxic absorption from the intestine or from some septic focus.
As the varicose cases have been studied in greater detail [17] than the others, they may be discussed as typical ulcerative cases. After the fact of the relative deficiency in ionic calcium had been established, an attempt was made to correct it by the intramuscular injection of calcium chloride: 1 or 2 gr. were given once a week [181. This treatment yielded beneficial results up to a certain point and some progress was made in healing, but after a period of about thirty days an apparent tolerance to the injected calcium became established, and the amount of the dose had to be increased in order to obtain the same effect. This increase was followed by another period of improvement until once again the condition became stationary, and in only one case was cure of the ulcer obtained by this method of treatment. This would suggest that the administration of calcium salts is a symptomatic rather than a radical form of treatment.
The injections were then combined with the oral administration of thyroid substance, but no better results were obtained, this indicating that the thyroid has no very marked action on the calcium metabolism of these cases. The oral administration of calcium salts was also ineffective in changing the state of the local condition.
Parathyroid substance was then given in doses of I-G gr. of the dried gland daily, and a marked improvement was soon apparent. The ulcerated area commenced to heal rapidly, and the calcium of the serum returned to normal. Usually the parathyroid was given daily until a maximal effect was obtained (seven to fourteen days), as shown by the reappearance of the normal amount. of ionic calcium in the serum; no symptoms of overdosage appeared in any of the patients. After the end of about a fortnight, the dose was reduced to 1y gr. twice a week until healing of the ulcer was complete, a period which of course varied with the size of the lesion. After-treatment is important, for if we are to suppose that the ulcerative condition is due to a parathyroid insufficiency dependent on some damage to the glands, it will not be expected that the ulcers, though once healed, should remain so indefinitely after the withdrawal of the external source of parathyroid secretion. The patient should therefore be carefully watched and any sign of the return of the ulcer, such as eczema or local irritation, should be met at once by a resumption of the parathyroid treatment. The best results are obtained with the patient in bed and at rest; under these conditions early cases of ulceration or of varicose eczema respond very readily, and no special treatment of the ulcers. is required.
In a series of gastric ulcers, parathyroid alone was used from the beginning of treatment; here again considerable benefit was derived. In one case the, patient gave a history extending over seventeen years with repeated haematemesis; she was sallow in appearance, and her blood count and haemoglobin percentage were of the chlorotic type. She was given parathyroid wA5 gr. every other day for a month, and then less frequently. Three months later hercolour had improved, and there had been no hamatemesis since the commencement of treatment. In all cases treated in this way remission of symptoms. has been observed, and in the early cases of the series apparent cure of the condition has been obtained. The disappearance of symptoms is again consequent on the return of the ionized calcium of the serum to normal.
From clinical data one may pass to the consideration of the possible cause underlying these ulcerative states. The common factor in both the conditions mentioned are a deficiency of ionic calcium, and presumably a chronic toxic state. In varicose ulceration one may'suppose that the latter arises from a continued, though partial, failure of the circulation in the varicose areas, which causes an overloading of the blood with products of katabolism. In gastric ulcer, various chronic toxic states have been assigned as the causative factor, either locally in the gastric mucous membrane or at a distance. But the beneficial effect of parathyroid therapy on these two factors, toxaemia and calcium deficiency, and on the ulcerative condition which is symptomatic of them, would lead one to suppose that in these cases the parathyroid glands are at least partially deficient in function.
There is then some indirect confirmation of Launoy's hypothesis, which has already been referred to, and the results of examination of the blood calcium bear out MacCallum's theory that toxic substances may arise under conditions of parathyroid insufficiency, which are able to form combinations with the calcium of the blood and tissues. It is not possible to say whether the toxic substance is the same as that found by Paton following parathyroidectomy, but in no case has a patient with a complaint of the type described shown any symptom of tetanic convulsions. The reason may be first that the toxic agent is different in the two cases, and secondly that the calcium values do not fall sufficiently low. Howland and Marriott [19] , in a series of eighteen cases of tetai4y in children, show an average value for the total blood calcium of 5 6 mg. per cent.; they state also that convulsions do not usually occur until the calcium has fallen to 7 mg. per cent., and that the same figure holds good in the case of parathyroidectomized dogs. In the ulcerative cases of the present series, the total calcium was never found to be below 7'6 mg. per cent. in any indiviaual case, and the average for the cases before treatment commenced was ,92 mg. per cent.
In regard to the focus of dbvelopment of the ulceration in these cases, with the exception of the gastric ulcers, the reason for the locality is apparent. If varicose ulcers are a trophic lesion depending on nutritional defects, they would naturally occur at the site where tissue resistance and nutrition are least effective; this will be at a point within the varicose area, determined probably by some slight local trauma. The cause of the appearance of gastric ulcers in the gastric mucous membrane does not seem so obvious. Various views are held as to their pathogenesis, founded for the most part on the theory of thrombosis or embolism, and subsequent focal necrosis; the necrosed tissue is digested by the gastric secretion, and the acid medium prevents subsequent healing. This view is formed from the results of experimental thrombosis in aniraals, but in man the origin of embolus or thrombus must presuppose in the majority of cases a septic focus, either localized to, or at a distance from, the stomach, and it is generally held that gastric ulcers are associated with some toxic. condition, as for instance, oral sepsis. In Osler and McCrae's "System of Medicine" [20] three factors are mentioned which are considered necessary for the production of the gastric lesion: (1) trauma of the gastric mucous membrane; (2) a circulatory disturbance, apparently of the mechanical type mentioned; (3) the acidity of the gastric juice. Since it has been found in the group of ulcerative cases that the ionic calcium deficiency is uniformly present, it is possible that the origin of gastric ulcer may be primarily due, in some cases at least, to a local trauma, the failure of which to heal, and the subsequent ulceration, is due to the lack of ionic calcium, which in turn is dependent on a partial parathyroid deficiency. This view is further supported by Friedman's work, for he found that in parathyroidectomized rabbits acute ulcers of the stomach or duodenum frequently developed, and that they showed no tendency to heal spontaneously. He forms the theory that in man such lesions may be due to thyroid deficiency. The acidity of the gastric juice may be an adjuvant factor, more probably delaying healing after ulceration has occurred, but its activity is probably secondary rather than primary; in Allbutt and Rolleston's " System of Medicine" [22] the statement is made that gastric ulcer may be produced experimentally in a variety of ways, but that such ulcers invariably heal spontaneously and do not tend to spread. It seems reasonable to suggest that the cause of healing in this case is that the ulcers are produced in healthy animals, in which the blood calcium is normal; in man however, the faulty condition of the blood calcium may predispose to ulceration following a local trauma.
The results obtained by parathyroid therapy, which are consequent on the restoration of the normal amount of ionic calcium in the blood, suggest the hypothesis that while the combined calcium of unclotted blood is essentially coagulative, the ionic. calcium is closely associated with tissue resistance and repair. This is further borne out by the partial but undoubted improvement which is obtained by the injection of calcium salts without the addition of parathyroid substance, though it is difficult to understand how this is brought about. Estimations of ionized and total calcium made at short intervals for the twenty-four hours following an injection, showed a maximal increase in the ionic calcium in about eight hours, after which the amount tended to decrease; the total calcium however was not decreased at the end of twenty-four hours. It would seem, therefore, that part of the injected calcium has entered into combination with some substance but that it is not actually excreted from the system. If, then, twenty-four hours after the injection of one grain of calcium chloride the ionic calcium of the blood is already returning to its original low level, it is difficult to understand how one injection can cause an increase in the ionic calcium at the end of seven days as it apparently does. Assuming that some toxic substance is present in the blood of these cases with which the ionic calcium combines, it is not clear whether the ionic calcium acts simply by chemical combination, reducing the amount of toxin, or whether it acts purely physiologically. The physiological action which would suggest itself would be a direct stimulant effect on the parathyroid glands, but such action is not yet proved, and on the majority of organs the action of calcium ions is depressant rather than stimulant.
In the ulcerative cases, the results of this form of treatment seems to substantiate certain facts which have already been mentioned. First they are in accordance with the two parathyroid functions which have been defined by other workers, the function of detoxication and the function of control of calcium metabolism. Secondly, there is evidence to emphasize the importance of the ionic calcium of the blood in the repair of the ulcerated areas, and since calcium metabolism is controlled by the parathyroids, the property of tissue repair must be assigned indirectly to these glands. Finally, the beneficial effects obtained by the use of parathyroid substance in ulcerative conditions suggest that that state is at least partially due to an insufficiency of parathyroid secretion, or of one element of the secretion in the patient.
A type of ulceration which has not yet been mentioned, is malignant ulceration. Here the calcium deficiency is also present, but it is in all probability secondary to the ulcerative state. Goldzieher [23] has shown that calcium salts are to some extent inimical to cancerous growths, but it is not expected that any very marked change will occur in the growth itself following the administration of parathyroid substance to the carcinoma patients under observation. The effect such treatment might have would be to rectify the blood calcium balance, and thereby raise the resistance of the tissues, so that life might be prolonged without definite inhibition of the increase of the actual neoplasm. Practically, the chief effect is the marked decrease of pain in inoperable cases.
It is noticeable that the common factors in these cases, which represent various types of ulceration, are first a protracted toxic condition and secondly a deficiency in the ionic calcium of the blood. This would perhaps suggest that though these conditions are classified and treated as separate diseases, yet the underlying cause may be the same throughout. Similar treatment should therefore benefit them all, and this has been found to be the case. It would be possible to form a speculative hypotbesis-and this is in some degree supported by the investigation of cases other than those mentioned-that all acute or chronic toxa~mias react to a greater or less degree on the parathyroid glands and cause a more or less permanent damage, a disturbance of calcium metabolism and a consequent decrease in the resistance of the tissues. It is of interest to find in the literature of experimental parathyroidectomy that post-operative septic states in dogs are not uncommon [24] . Thompson and Leighton [25] were able to produce chronic parathyroid deficiency by ligation of the glands and reported that the most prominent symptoms were a progressive loss of weight and a greatly diminished resistance to infection. It is therefore possible that parathyroid therapy may be of use not only in such chronic conditions as have been discussed, but also during the acute attack of the more common infective ailments, especially those in which the sequele tend to chronicity.
In conclusion, I express my thanks to Dr. R. Grove, who has undertaken the treatment of the patients and for whose many valuable and helpful suggestions I am much indebted.
